Objective. To estimate prevalence of type 2 diabetes (diabetes) and impaired fasting glucose (IFG) in the border region between the United States of America and Mexico
peripheral vascular, and cerebrovascular diseases, conditions that can lead to morbidity, disability, and premature death (2) . Identified risk factors for diabetes include ethnicity, age, high body mass index (BMI) scores and central obesity indicators (waist-to-hip ratio and waist circumference), low birth weight, and "Westernization" (adoption of lifestyle habits characteristic of the more industrialized countries) (3) (4) (5) (6) . Hyperlipidemia and hypertension, along with obesity and cigarette smoking, have also been documented as preceding the onset of diabetes (7) . An inverse association between socioeconomic status and diabetes prevalence in the middle years of life (8) (9) (10) , which may be partly attributable to adverse health behaviors, has also been reported.
Diabetes is common in Mexico, where it has an age-adjusted national prevalence of 8.2% (11) and was reported as the underlying cause in 13.2% of deaths in 2004 and therefore the leading cause of mortality during that year (12) . In the United States of America, diabetes has an age-adjusted national prevalence of 5.1% and it was the sixth leading cause of death in 2004 (13) . Mortality rates and prevalence for diabetes differ between ethnic groups. In the United States, Hispanics are one of the worst affected groups, with an overall prevalence almost double that of non-Hispanics (9.8% versus 5.0%) and a higher age-adjusted prevalence than non-Hispanic whites (14) (15) (16) . In 2002, 5% of deaths in U.S. Hispanics and 2.2% of deaths in U.S. nonHispanic whites were attributed to diabetes (17) .
The U.S.-Mexico border region, which comprises 3 169 km between the Pacific Ocean and the Gulf of Mexico, has a unique and diverse concentration of people, economies, and disease burdens as a consequence of the union of two very different countries: one middle-income and the other highly developed. Expectations of better employment opportunities and improved living conditions in the region have resulted in high levels of urbanization as well as migration. The U.S. side of the border has a higher proportion of Hispanics (~71%) than other parts of the United States. (18) . When the health and sociodemographic characteristics of the Mexican and U.S. sides of the border are compared with those of Mexico and the United States, respectively, important differences can be observed (Table 1) . While Mexican border states have a higher standard of living and longer life expectancy than the rest of Mexico, they also have higher mortality from chronic diseases, including diabetes, cardiovascular diseases, and cancer. The opposite trend exists for the U.S. side of the border, which is characterized by higher poverty and unemployment rates, and a lower rate of health insurance coverage. For example, diabetes was the fifth leading cause of death in New Mexico (19) , the sixth in Texas (20) , and the seventh in California (21) and Arizona (22) but the sixth leading cause of death nationwide in the United States. In 2006, in the six Mexican border states, diabetes was the third leading cause of death (23) .
Despite the fact that diabetes appears to be a significant health problem in the U.S.-Mexico border region, few studies have examined its extent and determinants in a single, systematic way, using the same definitions and procedures, on both sides of the border. In the current study, a population-based survey was conducted on both sides of the entire U.S.-Mexico border region to determine the prevalence of diabetes, the characteristics of individuals affected by diabetes and impaired fasting glucose (IFG), and the key underlying risk factors of diabetes in the U.S.-Mexico border region.
MATERIALS AND METHODS
A population-based cross-sectional survey was conducted on both sides of the U.S.-Mexico border between April 2001 and November 2002. Based on population estimates from the 1990 Mexican and U.S. censuses, communities with a population of at least 2 500 were eligible to participate. Stratified, clustered, multistage probability sampling with substitution was used to select study participants from sampling units based on geographic area. In the United States, census tracts within communities were divided into two strata based on 1990 population estimates of ethnicity. One individual aged 18 years or older in each enumerated household was selected to participate in the study using the "most recent birthday" criterion.
Potential interviewers were selected by the state and local agencies who participated in the project. On the U.S. side, interviewers had to be bilingual and included nurses, community health workers, and university students, whereas on the Mexico side interviewers consisted of physicians and nurses.
A questionnaire was administered face-to-face by a trained interviewer at each participant's home. As mentioned above, on the U.S. side, interviewers were fluent in both English and Spanish, so participants could complete the survey in either language based on their personal preference. Signed consent forms were obtained from all participants before administration of the questionnaire. Data was collected for six survey sections with a total of 65 questions covering general knowledge of diabetes, health and medical services, lifestyle (physical activity, diet, and tobacco and alcohol use), reproductive health, and sociocultural characteristics.
Following completion of the interview, anthropometric measurements were taken. Body weight and height were measured (with participants wearing light clothing and without shoes). BMI was calculated as weight (km) divided by square of height (m). Blood pressure was measured after a 15-minute rest period, with subjects in the seated position. Three readings for both systolic and diastolic pressure were recorded over a 5-minute interval and the average measurements were used in the analyses.
Fasting blood samples were taken the morning after a fast of at least eight hours. Blood samples were centrifuged and stored locally at -20 °C prior to being packed in ice and transported by air to the central laboratory in each country (the University of Missouri Diabetes Diagnostic Laboratory, in the United States, and the Nuevo León State Laboratory in Mexico). Plasma glucose was measured using the Cobas Mira Chemistry System (Roche Diagnostic Systems, Inc., Montclair, NJ, USA), a Sorvall GLC-2B centrifuge (DuPont Instruments, Wilmington, DE, USA), and a Jouan GR4-22 refrigerated centrifuge (Valley Biomedical, Winchester, VA, USA). Glycosylated hemoglobin A1c was analyzed with the Primus Automated CLC-385 HPLC system, model CLC385 (Primus IV, Kansas City, MO, USA). Laboratory personnel from both countries were trained by staff from both of the central laboratories and Primus. To ensure the integrity of the laboratory results, both laboratories used the same equipment and the same specifications. For simultaneous quality control, both laboratories exchanged 20 samples every three months. Samples were tested in both countries and the results were compared between laboratories. The laboratories agreed to accept a 3% variance in the results. If the discrepancy was higher than 3%, Primus technicians were sent to both laboratories to evaluate and resolve the problem.
A field test of the protocol was carried out in February 2001 in two border cities (El Paso, Texas, and Ciudad Juárez, Chihuahua). Ethical clearance was obtained from both the U.S. Centers for Disease Control and Prevention (CDC) and the Mexican ministry of health.
Study participants were classified as having diabetes if they 1) reported a prestudy diagnosis of diabetes from a doctor or other health care professional and/ or 2) had a fasting plasma glucose value ≥ 7.0 mmol/L (126 mg/dL). Those classified as having diabetes were then subclassified accordingly as having either "known diabetes" (based on previous diagnosis) or "newly diagnosed diabetes" (based on the ≥ 7.0 mmol/L fasting plasma glucose value plus the participant's assertion that he/she was not previously aware of having the disease).
In accordance with World Health Organization (WHO) criteria (24), study participants were classified as having impaired fasting glucose (IFG) if they had a fasting plasma glucose value of 5.6-6.9 mmol/L (100-125 mg/dL) but no previous diagnosis of diabetes. Self-reported alcohol consumption and smok ing status were estimated from participants' responses to the questionnaire. Alcohol consumption was classified as "never," "occasional" (< 30 drinks per month), or "heavy" (> 30 drinks per month), whereas smoking status was classified as "never smoked," "former smoker," or "cur rent smoker." Systolic and diastolic blood pressure measurements were grouped according to the 2003 National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (25) . A family history was considered positive for diabetes if at least one parent or one sibling had been diagnosed with the disease. Ethnic origin was classified as "Hispanic" for those who were born in Mexico or identified themselves as Hispanics. "Non-Hispanic whites" were defined as those who were born in the United States and identified themselves as non-Hispanics, and the category labeled "Other" comprised those who identified themselves as both nonHispanic white and non-Hispanic.
Statistical analysis
The characteristics of the three subject groups (Hispanics in Mexico, Hispanics in the United States, and non-Hispanic whites in the United States) are expressed as means plus standard deviation (SD) or absolute frequency and percentages, as appropriate. Age-adjusted prevalence of diabetes was obtained using the direct adjustment method of standardization based on the WHO standard population for the year 2000 (26) . To identify associations between potential risk factors and diabetes and IFG, crude and age-adjusted odds ratios (ORs) were obtained using multiple logistic regression models. For differences between groups, analysis of variance and multinomial models were used. All statistical analyses were performed using STATA 10 for Windows (StataCorp LP, College Station, Texas, USA).
RESULTS
Of the original sample pool of 4 240 individuals ≥ 18 years of age, 4 027 participated in the study: 2 120 Hispanics from the Mexican side of the border (98.0% response rate) and 1 437 Hispanics and 470 non-Hispanics from the U.S., side of the border (89.0% response rate), with 385 of the latter group classified as nonHispanic white. Out of these 4 027 individuals, 3 583 (89.0%) had biochemical data available for analysis.
Study participants' socioeconomic, demographic, health, lifestyle, and family history characteristics are presented in Table 2 by country of residence and ethnic origin. U.S. non-Hispanic whites were older and had higher levels of smoking and alcohol consumption than Hispanics on both sides of the border. Hispanics on the U.S. side of the border had the highest BMI scores, the largest waist circumference, and the highest mean systolic blood pressure (SBP). Hispanics on the Mexican side of the border had the lowest level of education and socioeconomic status and reported markedly lower levels of physical activity compared with the other two groups.
As shown in Table 3 , the overall crude prevalence of diabetes (both diagnosed and unrecognized) for the U.S.-Mexico border region was 16.8% (16.4% for the Mexican side and 17.2% for the U.S. side). Hispanics on the Mexican side of the border had the highest prevalence of diabetes of all three groups (nonHispanic whites and Hispanics on the U.S. side of the border and Hispanics on the Mexican side of the border). Ageadjusted prevalence was 16.6% for Mexicans and 14.7% and 8.8% for Hispanics and non-Hispanic whites in the United States, respectively. Age-adjusted IFG prevalence was 14.1% for the Mexican side of the border and about the same for the U.S. side (13.6% for Hispanics and 13.9% for non-Hispanic whites).
Results indicated that for every three people diagnosed with diabetes in the U.S.-Mexico border region there was one Among the participants in the current study, overall diabetes prevalence increased with age. Among study participants ≥ 60 years old, one in three had diabetes. Of those with diabetes, regardless of age, 25.0% had a BMI score ≥ 30 and 31.0% had a waist circumference ≥ 104 cm (i.e., more than one-fourth of those with diabetes in the study were obese) (Table 5) .
Similarly, IFG prevalence rose with increases in BMI, waist circumference, waist-to-hip ratio, and SBP. However, no association was observed between IFG and either alcohol consumption or smoking. As with diabetes, IFG prevalence was inversely related with education ( Table 5) .
The study results confirmed the validity of many of the established risk factors for diabetes in the U.S.-Mexico border population. Based on logistic regression analysis, incidence of diabetes in the border region was associated with BMI, waist circumference, waist-to-hip ratio, SBP, smoking, education, and being Hispanic. As shown in Table 6 , both crude ORs and those adjusted for age and selfreported diabetes diagnosis increased linearly with age, BMI, waist circumference, and waist-to-hip ratio. Many established risk factors for diabetes were also a Based on the results of the U.S.-Mexico Diabetes Prevention and Control Project (n = 4 027). b Individuals with a fasting plasma glucose value of 5.6-6.9 mmol/L (100-125 mg/dL) but no previous diagnosis of diabetes. c Individuals who either self-reported a pre-study diabetes diagnosis by a health professional ("known diabetes") or had a fasting plasma glucose ≥ 7.0 mmol/L (126 mg/dL) but were unaware of their diabetes ("newly diagnosed diabetes"). d Based on the World Health Organization standard population for the year 2000 (26) . e Individuals who reported being born in Mexico or identified themselves as Hispanics. f Individuals who reported being born in the United States and identified themselves as non-Hispanic. associated with incidence of IFG in the region, including age, BMI, waist circumference, waist-to-hip ratio, family history of diabetes, and SBP, as well as smoking, alcohol consumption, and education, although the last three indicators were only weakly correlated.
DISCUSSION
The current study provides the first representative, population-based estimates of diabetes and IFG prevalence in the U.S.-Mexico border region. The overall rate of diabetes found in the study (crude prevalence of 17.6%, 95% confidence interval [CI] 16.4-18.8) is the highest ever reported in either Mexico or the United States, which had an estimated rate of 6.3% (27) for the same period as the study. In addition, the study's estimate of crude diabetes prevalence for the Mexican side of the border (16.4%, 95% CI 14.8-18.0) was much higher than both the 7.5% rate reported in Mexico's National Health Survey for the year 2000 (28) and the 2.5%-3.2% rates reported for rural areas (29, 30) in studies among various groups of indigenous people (31, 32) , and its age-adjusted rate (16.6%) was much higher than the 10.7% figure reported for age-adjusted prevalence in selected urban areas in Mexico for the year 2000 (33) .
According to one hypothesis, Hispanics in the Southern United States and those in Northern Mexico have more in common with each other than with the rest of the Hispanic population of Mexico. This idea was borne out in the current study results, in which age-adjusted diabetes prevalence was similar (and high) for Hispanics on both sides of the border. Diabetes prevalences for both groups of Hispanics along the U.S.-Mexico border are higher than those reported for Hispanics in other parts of the United States and Mexico. This high diabetes prevalence found in this study may be explained by a multifactorial model in which 1) predisposition to diabetes is determined by different combinations of genetic variants and environmental factors and 2) those with the genetic predisposition to developing the disease will only do so if they are exposed to the required environmental factors (34) . Hispanics are assumed to have a particular predisposition, possibly on a genetic basis (35) , to developing insulin resistance and diabetes when exposed to "adverse" conditions (34) .
The U.S.-Mexico border region could be considered an obesogenic region (36) and therefore represents an adverse exposure for diabetes. Most Hispanics in the border region as well as other parts of the United States belong to the medium and lower socioeconomic classes, which have poor availability and access to highquality, reasonably priced foods. The inevitable development of "unhealthy" eating habits among these Hispanic groups often results in weight gain (37, 38) . Another factor contributing to obesity among Hispanics in the United States, including those in the border region, is the increasing imbalance between calories consumed and calories expended. The amount of time spent on leisure-time physical activity is related not only to culture but also socioeconomic status. Neighborhoods with low socioeconomic status have a lower level of safety and less availability of and access to the manmade or natural environments that encourage or support leisure-time activities (39) . Acculturation is another possible explanation for the high prevalence of obesity and diabetes among Hispanics. The process of acculturation affects Hispanics migrating from Central and Northern Mexico to various regions of the United States as well as those migrating from Central and Southern Mexico to the U.S.-Mexico border region, where the influence of "Western culture" is very strong. Another potential contributing factor in the higher prevalence of diabetes along the border is the shift in the role of women from traditional home-based activities to participation in the workforce, which allows less time for preparing meals and therefore often results in the family's consumption of cheap fast food (40) .
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Among the current study participants, family history had the strongest asso ciation with diabetes. These results support familial aggregation of diabetes as evidence for a genetic contribution (41) among Mexicans on both sides of the border. In the 1980s, Gardner (42), Chakraborty (43) , and Hanis (44) published evidence supporting the positive correlation between diabetes and Mexican-Americans' admixture of Europeans and Native Americans (45) in which the admixture could predispose them to insulin resistance and diabetes in the presence of an increased food supply.
According to the literature, individuals with IFG have a four to seven times higher risk for progressing to diabetes compared with people with normal glucose levels (46) . In the current study, 14.3% (CI 13.1-15.6) of the participants were in this category.
This study has several limitations. First, it was conducted in 2001-2002, so the demographic and biological characteristics of the geographic areas that were studied and their respective diabetes and IFG diabetes and impaired fasting glucose (IFG), and per unit change, by characteristic, U.S.-Mexico fact that no oral glucose tolerance tests were conducted, creating the possibility that actual diabetes prevalence was even more widespread than indicated by the already-high rates reported in the study, and 2) the cross-sectional nature of the study, which limited the possibility of drawing causal relationships between the risk factors and both diabetes and IFG. Nevertheless, this study is one of the largest to date to assess the prev alence of diabetes in the non institution alized population in counties and municipalities along the U.S.-Mexico border. It should be noted that the high prevalence of diabetes found in the current study for this region may be partially attributable to the fact that the results are based not only on self-reported diagnosis of diabetes but also on biochemical results of those not previously diagnosed.
The high levels of diagnosed diabetes and IFG found in the current study are likely to lead to increased levels of health complications and health care needs as the population ages and indicate that border area health systems are not making adequate attempts to screen populations for these conditions. Objetivo. Calcular la prevalencia de la diabetes de tipo 2 (diabetes) y de la alteración de la glucosa en ayunas en la zona fronteriza entre México y los Estados Unidos, por origen étnico y país de residencia; identificar los factores de riesgo asociados a ambas afecciones, y explorar en qué grado estos factores explican las diferencias transfronterizas o étnicas en la prevalencia. Métodos. Entre abril del 2001 y noviembre del 2002, se realizó la fase I del Proyecto de Prevención y Control de la Diabetes en la Frontera México-Estados Unidos, un estudio de prevalencia de la diabetes y sus factores de riesgo, mediante un muestreo por conglomerados en varias fases. Se utilizó un cuestionario acerca de la diabetes (autonotificada) y el modo de vida, se realizó una exploración física y se extrajo una muestra de sangre. En total, participaron 4 027 adultos en el estudio: 2 120 hispanos del lado mexicano de la frontera, y 1 437 y 470 no hispanos (de los cuales, 385 se clasificaron como "blancos") del lado estadounidense de la frontera. Resultados. La prevalencia (ajustada según la edad) de la diabetes autonotificada y no diagnosticada en los hispanos fue de 15,4% (16,6% en el lado mexicano de la frontera y 14,7% en el lado estadounidense). La prevalencia (ajustada según la edad) de la alteración de la glucosa en ayunas fue similar en ambos lados de la frontera (14,1% en el lado mexicano y 13,6% en el lado estadounidense). Conclusiones. Los factores de riesgo conocidos para la diabetes (por ejemplo edad, obesidad y antecedentes familiares) resultaron relevantes y hubo una relación inversa entre la diabetes y el nivel socioeconómico y la escolaridad. Si bien la prevalencia de la diabetes es alta en ambos lados de la frontera entre México y los Estados Unidos, un cuarto de los casos sigue sin diagnóstico, lo que indica la necesidad de crear y ejecutar un programa de salud pública para la prevención, el diagnóstico y el control de la diabetes en la zona.
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